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Features of propagation of the electromagnetic radiation in gravitational fields are 
investigated. The role of the gravitation in the observable constancy of the velocity of 
light is defined.  
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1. The variable velocity of light 
 
Let the photon move from point A situated at a sufficiently large distance from mass M 






The photon has the following initial characteristics from the point of view of the observer 
situated at point A: the velocity c and the value of momentum p = mc, where m is the 
effective mass of the photon. Here we consider the effective mass of the photon as one of the 
components of its momentum m = p/c, where the momentum and the velocity are real 
physical quantities that have a physical meaning and define the physical meaning of the 
effective mass. Within the bounds of our physical model in which classical gravitational 
forces and a classical space-time curvature are absent, we can suppose that the gravitational 
field of mass M without changing the modulus of momentum of the photon for the remote 
observer situated at point A: 
 
p = mc = m’c’ = const  (1)
  
increases the effective mass of the photon 
 
m’ = m + Δm = m (1 + GM/rc2) (2)
 
and by that decreases the velocity of motion of the photon 
 
c’ = cm/m’ = c / (1 + GM/rc2) , (3)
 
where r is the distance from the photon to the center of mass M, and G is the gravitational 
constant. Taking into account this result of physical modeling, the decrease in the velocity of 
light in the gravitational field of the Sun and the constancy of the local velocity of light on a 
terrestrial surface, we accept as a physical assumption that the gravitational field is a space of 
allowed velocities, which establishes the definite velocity of motion of the photon relative to 
the source of the gravitational field by means of change in the effective mass of the photon. 
This action of the gravitational field on physical properties of the photon we shall name ‘the 
gravidynamical effect’. The gravidynamical effect is one of variants of realization of Mach's 
principle, according to which inertial properties of particles fully or partly depend on the 
gravitational action of surrounding masses [5]. 
 
2. Deceleration of time 
 
The gravidynamical effect decreases the local velocity of light at point B (fig.1) and it 
increases the period between reflections of light in a local clock (fig.2), which is based on the 
propagation of light between two parallel mirrors: 
 
T’ = T (1 + GM/rc2) . (4)
 
Starting from the equivalence of a light-clock to any other clocks, we conclude that a decrease 
of the local velocity of light causes a proportional deceleration of the local time. Thus, the 






From the point of view of the remote observer situated at point A (fig.3) the velocity of 
the photon c’ in a central hollow area of a great mass M is visibly decreased by the 
gravidynamical effect (see diagram in fig.3). However, for the local observer situated at point 
B the local velocity of the photon is equal to the typical velocity of light c. The cause of these 
consists in the following: during the unit of the local time dilated by the gravidynamical 
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Other characteristics of the photon also differ for both observers. For example, the modulus of 
momentum of the photon as a product of the effective mass and velocity: 
 
p = m’c’ (5)
 
in process of propagation of the photon from point A to point B remains constant for the 
remote observer situated at point A (see section 1), but for the local observer situated at point 
B the local value of momentum of this photon: 
 
p’ = m’c (6)
 
is increased proportionally to the deceleration of the local time. 
 
3. The constant velocity of light 
 
The velocity of light in the central area of the great mass M (fig.4) is equal to c for the 
local observer fixed relative to M (see section 2). Let the atomic nucleus be accelerated up to 
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 According to the classical vector addition of velocities or the Ritz ballistic hypothesis, the 
velocity of a photon emitted by the atomic nucleus tends to exceed velocity c relative to M. 
However, the gravidynamical effect increases the effective mass of the photon: 
 
m’ = m (1 + υ/c) (7)
 
and in this way retains the velocity of the photon at a level c relative to M. The difference of 
gravitational potentials for that is not necessary. The gravidynamical effect by definition can 
change the effective mass of the photon for conformity of its velocity to the allowed velocity 
relative to the source of the gravitational field (see section 1). In case of emission of light in 
the opposite direction, the gravidynamical effect decreases the effective mass of the emitted 
photon: 
 
m’ = m (1 – υ/c) , (8)
 
and in this way stabilizes its velocity at a level c relative to mass M. From ‘the point of view’ 
of the atomic nucleus the small anisotropy of the velocity of light in the direction of the 
motion of the nucleus takes place because of gravidynamical stabilization of the velocity of 
light relative to mass M: 
 
Δc” = (c + υ) – (c – υ) = 2υ . (9)
 
Thus, the constancy of the local velocity of light emitted by the particle moving relative to 
the Earth, the null result of Michelson-Morley experiment in the terrestrial neighborhood and 
the constancy of the local velocity of light in case of a ground-based observation of a stellar 
aberration are a consequence of the gravidynamical stabilization of the velocity of light 
relative to the Earth. The identical velocity of light emitted by equatorial points of the rotating 
Sun is a consequence of the gravidynamical stabilization of the velocity of light relative to the 
Sun. Lastly, the constancy of the velocity of propagation of the electromagnetic waves in 
interstellar space, which is observed as strict periodicity of the orbital motion of a binary star 
is a consequence of the gravidynamical stabilization of the velocity of light relative to the 
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